Recreation is an important cultural ecosystem service and is one way in which communities experience the direct and indirect benefits arising from the experiential use of their environment. The recent rise in popularity of Global Positioning System (GPS) game applications, which combine information technology with an activity that increases mobility and encourages outdoor enjoyment, provides ecosystem service practitioners with an opportunity to make use of this georeferenced data to assess recreational ecosystem services. Geocaching is one such worldwide outdoor game. It has fixed points of incursion where people can hide and look for caches. This study explores the possibility of using geocaching data as a proxy for recreational ecosystems services in the Maltese Islands. A quantitative analysis of the georeferenced caches was used together with their visit rates and number of favourite points. This was supplemented by two questionnaires that investigated the preferences and experiences of both geocache placers (n=39) and hunters (n=21). Results show that the highest number of caches were placed and searched for in urban areas and that geocaching is strongly associated with the presence and accessibility of urban green infrastructure. The number of geocachers who stated preference for ‡ ‡ © Balzan MV, Debono I. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
Introduction
The assessment and mapping of ecosystems and their services is a commitment of the European Union (EU) member states under Action 5 of the EU Biodiversity Strategy to 2020. Activities carried out under this commitment should support the maintenance and restoration of ecosystems and their services in order to ensure human well-being. This statement is supported by recent work at pan-European scale, which has shown that ecosystems in favourable conditions support biodiversity and have a higher capacity to supply ecosystem services and, in particular, regulating and cultural services, in comparison to habitats in unfavourable conditions (Maes et al. 2012) . However, the integration of ecosystem services in landscape planning and management still presents a number of challenges, which amongst others are associated with our understanding of biodiversity -ecosystem service relationships, the identification of methods and tools that can be used to quantify, map and value ecosystem services, whilst taking into account variation across spatio-temporal scales and the arising trade-offs from land use and land cover changes (de Groot et al. 2010) . Driven by policy questions and different governance contexts, various conceptual frameworks have been developed for the assessment and mapping of ecosystem services (de Groot et al. 2010 , Maes et al. 2016b , Müller and Burkhard 2012 , Potschin and Haines-Young 2011 . Indicators are often used to derive information that communicates the characteristics and trends of ecosystem services, hence making it possible for policy-makers to understand their condition, trends and rate of change (Maes et al. 2016a ).
Cultural ecosystem services are defined in the Common International Classification of Ecosystem Services (CICES) as all the non-material and normally non-consumptive, ecosystem outputs that affect physical and mental states of people (Haines-Young and Potschin 2013) . Examples of cultural ecosystem services include the appreciation of landscape aesthetics, tourism and recreation, symbolic values of species and ecosystems and the educational, scientific, spiritual and religious value (de Groot et al. 2010 , HainesYoung and Potschin 2013 , M.A. 2005 . Recreation services are an important subset of cultural services, which are often associated with aesthetics and symbolic values of ecosystems (Weyland and Laterra 2014 , Daniel et al. 2012 ). Outdoor recreation is important for millions of people and is a service that is dependent on the availability, distribution and type of ecosystems (Koniak et al. 2012 , Maes et al. 2016b , Paracchini et al. 2014 ).
The recent phenomenon of social media and the availability of tools to geotag recreational activities has created a number of possibilities to use such data to analyse the benefits and values derived from cultural ecosystem services. Amongst others, several recent studies have assessed site visitation for recreation and tourism using geotagged photos and site visitation records such as from Flickr*1, Instagram*2 and Twitter*3 (Figueroa-Alfaro and Tang 2016 , Richards and Friess 2015 ). Similar to these social media, the Geocaching*4 worldwide outdoor game presents an opportunity to obtain spatially-explicit data about the use of ecosystems for recreation (Cord et al. 2015) . Global Positioning System (GPS) based game applications are becoming increasingly popular as they combine information technology with an activity that increases mobility and outdoor enjoyment as they require human incursion into different areas and habitats.
Geocaching is an example of a GPS-based outdoor game. It has been available since the year 2000 and is today described on its website as the world's largest treasure hunt. Geocaching has fixed incursion sites spread over a variety of terrestrial and coastal ecosystems. It has more than 3 million active geocaches in 191 different countries across the 7 continents, more than 360,000 geocache owners and 585 million "Found it" and "Event Attended" logs have been recorded since the game started*5. Geocachers hide a geocache and then record the GPS coordinates of that location along with a description of the cache on to a game website. The geocaching community can then look for the geocache and record the find on the same page, together with notes on the state of the cache, difficulty and other comments and photos. This form of communication is vital to help maintain individual caches and, collectively, the entire geocaching activity (Neustaedter et al. 2010 ). Geocaching can be described as a form of recreation carried out in settings created by natural ecosystems but can also be experienced in urban green spaces. In addition, as opposed to traditional approaches that assess the capacity of ecosystems to provide recreational ecosystem service using spatial data on the size, quality and accessibility of green spaces, geocaching data comprise georeferenced localities of geocaches and their visit rates, which can be used as a direct measure of the actual flow of recreational ecosystem services (Cord et al. 2015) . Previous research from Germany about the preferences of geocachers indicates that the environment of the geocache location is an important characteristic determining the attractiveness of the geocache whilst the main motivation of geocachers was the possibility to be in nature, to familiarise oneself with the environment and for recreational purposes (Telaar et al. 2014 ).
This national case-study assesses the use of Geocaching data to assess recreational ecosystem service delivery in the small island state of Malta. More specifically, the objectives of the study are to assess:
1.
the influence of the ecosystem type, distribution and accessibility on recreational ecosystem services delivery and 2.
on the actual use (flow) of this ecosystem service measured using both geocache visitation data and questionnaires with geocachers that allow for a better understanding of their motivation for determining ecosystem service flow.
Material and methods

Conceptual approach
In order to implement the concept of ecosystem services, various frameworks distinguish between the different components of ecosystem delivery (Bastian et al. 2013 , Potschin and Haines-Young 2011 , Villamagna et al. 2013 . We distinguish between the ecosystem service capacity and flow based on the definitions in Villamagna et al. (2013) . The ecosystem service capacity is defined as the maximum potential of ecosystems to deliver an ecosystem service based on the biophysical and social characteristics. The capacity of cultural ecosystem services may be more difficult to quantify, in comparison to provisioning and regulatory ecosystem services, as it varies across the landscape as a function of the range of biophysical (including land use and cover, climate, habitat and topography) and social (e.g. site management and accessibility) features (Villamagna et al. 2014 , Villamagna et al. 2013 ). The ecosystem service flow is defined as the actual use of the service, which can be measured directly as the amount of a services delivered or indirectly as the number of beneficiaries served. The ecosystem service flow is different from the ecosystem service demand as the latter is a measure of the amount of ecosystem service required or desired by society and, for cultural ecosystem services, may include measures of the number of people wanting to experience that service (Villamagna et al. 2013) .
Within this study, we use geocaching data as a proxy for recreational ecosystem services in a multifunctional landscape (Table 1 ). The distinction between the capacity and flow is particularly useful given that availability of different forms of geocaching data (Cord et al. 2015) and, namely, information about the availability of geocaches within landscapes as a measure of the ecosystem service capacity and the actual ecosystem service flow measures as the number of quests and number of favourite points. Through a spatial analysis, this study assesses the influence of the different site characteristics, such as the predominant land use, accessibility and landscape aesthetic value, on the capacity of ecosystems to provide recreational ecosystem services measured through geocache point data. Similarly, an analysis of the factors impacting on ecosystem service flow (i.e. how much is delivered) is also carried out. In addition, similar to Cord et al. (2015) and following on the approach in this study, we have used an adapted questionnaire with local geocachers in order to obtain further information on the choices of geocachers and to assess the degree of attraction for different geocache environmental characteristics.
Term Explanation
Quest
Total number of people who either found or did not find the cache.
Favourite points For every ten geocaches that a cacher with a premium account has found, he/she will be able to identify his/her favourite in one exceptional geocache in his/her find history.
Geocache hunter Geocaching user who has logged caches within the study area.
Geocache placer Geocache owners who placed their geocache within the study area and who retains all responsibility for geocache listing and care.
Traditional Geocache This is the original type of geocache consisting of a container at the given coordinates. As a minimum, all of the geocaches will have a logbook.
Mystery cache This type of geocache may involve complicated puzzles that one will first need to solve to determine the correct coordinates.
Multi-cache These geocaches involve two or more locations, with the final location being a physical container with a logbook inside. At the first stage, the geocache hunter will receive a clue to the whereabouts of the second stage. The second stage will have a clue for the third and so on.
EarthCache
An EarthCache is a special geological location people can visit to learn about a unique feature of the Earth. EarthCache pages include a set of educational notes along with coordinates.
Letterbox Hybrid
Letterboxing is another form of treasure hunting that uses clues instead of coordinates. These types of geocaches will contain a stamp that is meant to remain in the box and is used by letterboxers to record their visit.
Wherigo™ Cache Wherigo is a toolset for creating and playing GPS-enabled adventures in the real world. By integrating a Wherigo experience, called a cartridge, with finding a geocache, the geocaching hunt can be an even richer experience. Amongst other uses, Wherigo allows geocachers to interact with physical and virtual elements such as objects or characters while still finding a physical geocache container.
Within this study, we have adapted the methodology used by Cord et al. (2015) to the multifunctional landscapes of the study area . In a multifunctional landscape perspective, ecosystems serve more than one purpose, are considered in terms of their interactivity and their role in leading to improved well-being in different ways. Multifunctional landscapes can be thought of as a heterogeneous matrix that results from tangible interactions between natural and cultural systems (O'Farrell and Anderson 2010, Selman 2009) . Within this study, we have therefore considered all geocaches, matching the inclusion criteria identified in this study and considered different types of caches across the cultural landscapes of the study area independent of the LULC category. Previous research has shown that the attraction of the cache tends to be very strongly associated with the attractiveness of the landscape (Telaar et al. 2014) , suggesting the importance of an analysis that considers the entire landscape matrix (sensu Selman 2009). Hence, we consider all geocaches within Maltese Islands in order to obtain a measure of the (natural and social) features of the landscape that permit the delivery of this service. Assessing urban recreation ecosystem services through the use of geocache ...
Study Area
The island state of Malta is situated in the Central Mediterranean Sea at 96 km south of Sicily and almost 300 km east of Tunisia. With a surface area of around 316 km , the archipelago consists of three inhabited islands (Malta, Gozo and Comino) and several uninhabited islets. The first evidence of human settlement in Malta dates back to around 7000 BP (Patton 1996) and the landscapes of the Islands have been moulded over millennia by human exploitation, resource use and the geoclimatic conditionswhich harbour considerable biodiversity (Schembri 1997) . Today agricultural land cover occupies around 51% of the territory, whilst built-up, industrial and urban areas occupy more than 30% of the Maltese Islands (M.E.P.A. 2010). Malta has a population density of 1,346 persons per km (N.S.O. 2014), the highest in the European Union and a growing tourism industry which, in 2016, surpassed 1.6 million tourists (N.S.O. 2017).
Recent research within the area of study has indicated the important role of ecosystems for the delivery of the key ecosystem services and that semi-natural and agricultural habitats are associated with a high ecosystem service capacity within this island environment. However, the actual use of ecosystem services (flow) was higher in small green urban and peri-urban areas. Coastal habitats were associated with cultural ecosystem services, in the form of habitats of conservation value (ecosystem service capacity) and aesthetic value (ecosystem service flow), but green urban areas and urban environments were also identified by survey respondents as having a high aesthetic value and for the provision of recreational ecosystem services .
Data Collection
Spatial analysis of ecosystem service capacity and flow
Data for geocaching activities in Malta were obtained from the Groundspeak, Inc. Geocaching platform on 14 February 2017. For this study, we focused on caches which had been placed for more than 100 days and that have accessible geographic coordinates. We obtained information on the name, location (latitude/longitude), geocache type, date of placement, number of favourite points and number of quests. This information provided us with quantitative data on the availability (ES capacity) and the actual use (ES flow) of ecosystems through this recreational outdoor activity. The average number of quests and favourites per year in each geocache location was then calculated.
Information about the land use and cover of each geocache was obtained from a land use land cover (LULC) map that consists of 13 LULC categories ). The LULC map was developed through the use of Sentinel 2 satellite images acquired on 21-08-2016 by the Copernicus land monitoring system and which has a spatial resolution of up to 10 m (Drusch et al. 2012) . In order to distinguish between different urban land uses, we used the European Urban Atlas as reference data (Urban Atlas, European Environmental Agency (EEA), 2012) which is based on earth observation data with 2.5 m spatial resolution and a minimum mapping unit of 0.25 ha. The Urban Atlas land use categories were reclassified 2 2 into 11 coarser land use categories in order to increase the statistical power of the analysis. Additionally, in order to assess the potential role of different land uses on recreational ecosystem service delivery, geocache point data were overlaid with spatial data for the different types of designated protected areas for the Maltese Islands, obtained in March 2017 (Common Database on Designated Areas; CDDA, 2017). The CDDA holds information about protected sites under national and international legislation that directly or indirectly create protected areas and has similarly been used in previous literature assessing recreational ecosystem services in Europe (Paracchini et al. 2014 ). In addition, the proximity to residential areas within the study area, including the road (Geofabric, 2017) and (day) public transport network (downloaded from the Malta Public Transport website in June 2017) and the coastal environment (European Commission Inspire Directive Geoportal), was calculated as the minimum distance from these vector data.
Understanding geocacher motivations determining ecosystem service flow
In order to obtain information on the preferences of geocachers, two sets of questionnaires, one for the geocache hunters (Appendix 1, Suppl. material 1) and another questionnaire for the geocache placers (Appendix 2, Suppl. material 1), were administered with the geocaching community within the study area. The participants in this study were Geocachers in the Maltese Islands and the questionnaires were shared with members of the Geocaching Malta Facebook group*6, the Geocaching application itself and were also physically distributed with geocachers in person. Those who did not respond to the questionnaire within the set time of 4 weeks were then sent a reminder over a 10-month period. All potential contacts were approached to participate to maximise responders. Duplicate responses were excluded from the study, as were responses submitted by members of the geocaching community who did not reside within the study area.
Data Analysis
The influence of land cover and geocache type on the number of quests and favourite points was assessed through the use of a generalised linear model (GLM) with a negative binomial distribution due to the overdispersion of the count geocache data. The time since the placement of the geocache was included as an offset vector in order to account for different levels of visitation arising from the variation in time since the geocache was set up (Venables and Ripley 2002) (Appendix 3, Suppl. material 1). Subsequently, generalised linear mixed models (GLMM), with a negative binomial distributon, were used in order to assess the influence of categorical and continuous fixed variables on the number of quests and favourite points, whilst keeping geocache type as a random variable (Fournier et al. 2012 , Skaug et al. 2013 . Given the influence of urban land cover on the quest and favourite points data (Results), the GLMM for protected areas, including both the geocache type and the intersecting land use land cover of the geocache,were included as a random variable. The structure of the random variable for the model with the lowest AICc value was selected. The significance of the fixed variables was tested through elimination of the least significant effects or interaction, using likelihood ratio tests in which deviance with and without the term in the models were compared using a χ test.
All spatial operations and statistical analysis were carried out using R language and environment for statistical computing (R Development Team 2016), whilst QGIS 2.18 Las Palmas geographic information system was used in order to visualise spatial data (QGIS Development Team 2016).
Results
Spatial analysis of ecosystem service capacity and flow
A total of 318 geocaches from the study area were investigated in this study (Fig. 1) . The geocaches were distributed in five cache type categories, with traditional caches (n=231) and mystery caches (50) being the most common geocache types (Fig. 2a) . Most of the caches were located in the urban LULC category (n=111, Fig. 2b ). Geocache type and LULC category were significantly associated with the number of quests and favourite points but no significant interactions between these two categorical factors were recorded. Urban caches were associated with a significantly higher number of quests in comparison to marine and other terrestrial LULC categories (Table 2) , while marine caches had a significantly higher number of favourite points when compared to urban areas. When using the reclassified urban atlas land use spatial data, the geocaches were distributed amongst agricultural and semi-natural areas (168), roads (41), industrial (34), marine (22), urban high density (15), urban low density (13), urban green, sport and leisure areas (11) and other (12). The highest cache density was recorded in woodland areas, but the number of caches in this category was low, followed by orchards and shrub communities, sparsely vegetated land and grassland land cover (Fig. 3a) . The EEA Urban Atlas land use categories were used to provide a clearer indication of the type of urban land uses of geocaches. Urban green and sports and leisure areas had the highest geocache density, after forests which accounted for only one geocache and a small fraction of the study area (Fig. 3b) . The number of quests and favourite points also differed between different land use categories (Fig. 4) . The type of urban and industrial land use had a significant impact on the number of quests and favourite points (Table 3) . Geocaches in urban low density and agricultural land uses and the marine environment had a lower number of quests. Weaker associations were generally recorded from the GLMM for the number of favourite points but geocaches in green urban, sports and leisure areas and the marine environment had the highest rating while mines and construction sites were associated with the lowest number of favourite points. Relationship between cache density and the land use and land cover when using (a) a land use land cover (LULC) map generated using Sentinel 2 satellite images and (b) the EEA urban atlas land uses for the study area.
a: Relationship between cache density and the land use and land cover when using the land use land cover (LULC) map generated using Sentinel 2 satellite images b: Relationship between cache density and the land use and land cover when using the EEA urban atlas land uses for the study area. Mean number of (a) quests and (b) favourite points (± standard error of the mean) for the reclassified Urban Atlas land use categories a: Mean number of quests (± standard error of the mean) for the reclassified Urban Atlas land use categories b: Mean number of favourite points (± standard error of the mean) for the reclassified Urban Atlas land use categories
In order to assess the contribution of gene pool protection ecosystem services in geocaching activities, the influence of sites designation as protected areas on recreational ecosystem services was analysed. Nationally designated areas had a higher geocache density (2.3 caches/km ) in comparison to sites that did not have any designation (0.4 caches/km ). Most of the caches found in designated areas were located in areas of high landscape value and in Special Areas of Conservation and Special Protection Areas (Table  3 -1, Appendix 3, Suppl. material 1). The influence of protected area cover on geocache quests and favourite points was assessed using GLMM. No significant difference was recorded for quests and favourite point data between areas designated as protected areas and those which do not have any designation. Similarly, we analysed the association between the number of geocache quests and favourite points and areas protected for their landscape value. Results indicate a higher number of quests and favourite points in area protected for their landscape value, but only favourite points data was significantly positively associated with these landscapes (χ =7.84, p=0.005 for favourite points; χ =3.4 and p=0.065 for geocache quests data; the difference in deviance of the two compared models following backward elimination and its significance using a χ test are shown).
Most caches were located in proximity to residential areas and the road network but distance from public transport network and the coast appears to follow a normal distribution (Appendix 3, Suppl. material 1). The number of quests and favourite points were significantly negatively associated with increasing distance from the national road and public transport networks, indicating that accessibility of the geocache location may be an important factor in determining the preference for the geocache (Table 4) . Similarly, the number of quests and favourite points were negatively associated with increasing distance from the coastal environment, which, in previous studies, has been shown to be positively associated with experiential use of ecosystems and the aesthetic value of the natural environment ). The number of geocache favourite points was positively associated with increasing distance from residential areas, indicating a higher number of favourite points in areas located less closely to these zones. Measuring the relationship between the distance from residential areas, the road and public transport network and coast and the number of quests and favourite points. The difference in deviance between two compared models following backward elimination and its significance using a χ test are shown. Understanding geocacher motivations determining ecosystem service flow
Geocache hunter questionnaires
A total of 21 responses were obtained for the questionnaire for geocache hunters. Most of the respondents were in the 16 to 29 and 30 to 45 age groups (n=19) and the majority had a tertiary level (10) of education (Appendix 4, Suppl. material 1). The respondent had on average logged 250 (±295.3) geocaches. Most considered themselves as active geocachers (18) and geocached once or twice per month (8), once per week (6) or less often (5), while 1 respondent geocaches several times a week and another geocached more frequently during spring and autumn. The majority normally chose traditional geocaches (16) over multicaches (3) and mystery caches (2). Most carry out geocaching with others (16) or both alone and the company of others (2) as opposed to alone (3). Car transport to the selected geocache was the most common (12), followed by walking (8) and walking and car transport combined (1). The majority of the respondents had logged most geocaches in woodland areas and in urban built and green areas, whilst the coast and associated beaches and shore also represented a popular environment for geocaching activities (Fig. 5a ). Geocaches that enable the geocache hunter to experience nature were favoured (Fig. 5b ) and the cache environment was the most important consideration when choosing to log a geocache (Fig. 5c) , whilst most enjoyed geocaching as time to solve puzzles and riddles and spent time with family and discovering new and interesting places (Fig. 5d) . The geocache hunting experience was ranked positively, with a score of 8.77 ± 1.26 (out of a maximum of 10) and most would visit the same geocaches again (18) by walking or trekking (13), spending time with relatives (7) and to carry out other recreational activities (e.g. walking, picnic and swimming; n=1). 
Geocache placer questionnaires
A total of 39 responses were obtained for the geocache placer questionnaires. Most had a tertiary level of education (n=36, Appendix 5, Suppl. material 1). The main reason for placing the geocache in the particular location was because they felt the place was underappreciated (25) or close to the residence or work location of the geocache placer (9). In most cases, the geocache was placed in locations of personal interest to the geocache placer but urban green areas and sites of historical and cultural value were also commonly associated with the owned geocaches (Fig. 6a) . Most of the respondents placed their geocaches in woodland, urban or coastal areas and in urban green spaces (Fig. 6b) , but built up and coastal areas and green spaces were ranked higher in terms of their potential to provide a positive recreational experience to the geocache finder (Fig. 6c) .
Discussion
Spatial variation in ecosystem services capacity and flow
The analysis of geocaching data demonstrates that most geocaches were located in, or in close proximity to, urban land cover. However, the highest geocache density was not recorded in the urban land cover but in semi-natural categories and in urban green and sports and leisure areas, indicating that these environments have a higher capacity to deliver recreational ecosystem services to urban communities, as measured through the use of geocaching data. Accessibility to semi-natural and urban green areas appears to be a particularly important characteristic influencing the capacity of recreational ecosystem services and most of the geocaches were located in close proximity to residential areas and the road network. Similarly, recreational ecosystem services flow data also appear to be strongly linked to the accessibility of the environment. This was also confirmed from questionnaire data for geocache placers, where proximity to work or residence areas was considered as being important for the respondents and these also explained that their geocaches were placed in sites considered as being of personal interest or in urban green areas.
Results presented here are supported by those in Cord et al. (2015) , whose study found the highest total number of geocaches and highest geocache density in urban green spaces. Similarly, in a study carried out in the United Kingdom, sub-urban and urban sites were associated with higher recreation potential compared to rural sites (Radford and James 2013) while, in another study in Barcelona, urban areas had the lowest recreational ecosystem services capacity but the highest recreation flow was recorded in forest areas surrounding urban settlements (Baró et al. 2016) . Accessibility was also a key consideration when mapping the outdoor recreational ecosystem service potential (Paracchini et al. 2014 ) and was also identified as one of the most important characteristics of recreational sites in another study carried out in Finland (Yli-Pelkonen 2013).
Similar to other studies investigating recreational ecosystem services (Yli-Pelkonen 2013), geocaching was seen by geocache hunters as an opportunity to experience nature, spend time with family and friends and getting physical exercise. Caches located in urban areas, as well as in urban green and sports and leisure areas, had the highest number of quests and urban green and sports and leisure areas were also characterised with the highest favourite rating, demonstrating a preference for these caches. Proximity to the coastal environment and landscapes of higher conservation value were also associated with a higher number of quests and favourite points, whilst increasing distance from residential areas was associated with a higher number of favourite points. These results were also supported by those obtained from the questionnaires with geocache hunters, as geocaches that enable a 'nature experience' were also favoured by geocache hunters. These identified woodland, urban green areas, the coast and beaches as the environments in which they log most caches, whilst most of the geocache placers participating in the questionnaire in this study placed their geocaches in woodland, urban or coastal areas and in urban green spaces. These ranked coastal areas and urban built and green spaces higher in terms of their potential to provide a positive recreational experience to the geocache hunter. Similar results have been obtained by previous studies investigating the motivations of geocachers (Cord et al. 2015 , Telaar et al. 2014 , while other studies have similarly shown that the coastal environment is associated with increased recreational ecosystem services flow , Paracchini et al. 2014 ).
This study contrasts with previous observations from the study area highlighting the importance of semi-natural habitats for aesthetic (cultural) ecosystem services . Similar results were also obtained by Radford and James (2013) , who, in their study, found a lower aesthetic value of highly urbanised environment. In the study by , aesthetic ecosystem services were associated with areas having a higher number of habitats of conservation interest from the study area. In contrast, within this study, designated protected areas were not significantly associated with increased flow of recreational ecosystem services, demonstrating that there are different factors affecting cultural ecosystem service capacity and flow (Radford and James 2013) and indicating the importance of identifying suitable indicators that directly reflect the different types of cultural ecosystem services and associated benefits, in the implementation of ecosystem service assessment and mapping activities.
The strong positive association of recreational ecosystem services with landscape value demonstrates that processes which essentially degrade the landscape are also likely to have a negative impact on the capacity and flow of this service. This is particularly important in the context of strong urbanisation and tourism development trends within the study area and, in general, within the Mediterranean region, leading to intense pressure on ecosystems as a consequence of land use change. This is exacerbated within the study area as a consequence of the limited land resources available within an insular Mediterranean environment, in particular as traditional management practices decline and are replaced by more intensified management associated with strong tourism and industrial development , Tzanopoulos and Vogiatzakis 2011 .
Evidence-based management of urban recreational ecosystem services
Results obtained here demonstrate that the development of an understanding of the spatial variation in availability of green infrastructure and of ecosystem service capacity and flows is critical in order to implement the ecosystem service concept for the development of policies that promote the sustainable use of ecosystem services (Schröter et al. 2014) . Urban areas do not necessarily provide fewer ecosystem services compared to other regions, as urban green infrastructure, such as tree cover or peri-urban agriculture, can significantly contribute to support biodiversity and ecosystem service delivery (Dennis and James 2016, Larondelle and Haase 2013) . However, in this case, the high recreational ecosystem service flow in green urban areas appears to be unbalanced with the capacity of these spaces to deliver these services given the relatively low number of caches in these environments. This imbalance between capacity and flow would be expected to be higher in areas with higher population density and lower availability of urban green infrastructure (Balzan 2017 , Tratalos et al. 2007 . Similarly, in a recent study measuring accessibility of green urban areas, several Southern European cities had below-average availability and accessibility of green urban areas to the city inhabitants (Kabisch et al. 2016 ). These observations demonstrate the need to develop our understanding of composition and spatial configuration of landscapes, especially in terms of the availability of green spaces and the delivery of ecosystem services contributing to human well-being and the importance of policies and urban planning practices that maintains and improves the availability of green infrastructure.
To provide guidance in the choice of appropriate ecosystem service assessment and mapping methods, tiered approaches have been proposed, with tier 1 approaches being dependent on readily available data, tier 2 includes more specific information from the study area whilst tier 3 approaches are more data intensive and are based on an improved understanding of the underpinning processes (Grêt-Regamey et al. 2015 , Gret-Regamey et al. 2017 ). This study has used different types of data to assess recreational ecosystem services and demonstrates that practitioners can use such an approach to develop a more detailed understanding of the links between recreational ecosystem services and the socioecological conditions and to predict areas with higher (or lower) urban recreational ecosystem service capacity and flow, which is necessary for the preparation of ecosystem services maps. Such approaches move away from traditional proxy-based (tier 1) approaches that are based on more easily available land cover data, which are common in the assessment of cultural ecosystem services (Fagerholm and Palomo 2017) and are often constrained by the availability of data. An improved understanding of the relationship between the components of the ecosystem service delivery chain and their relationship with socio-ecological factors, permits the development of more precise process-based (tier 3) ecosystem service assessments and mapping approaches (Grêt-Regamey et al. 2015 , Lavorel et al. 2017 ). These are considered as being more useful in providing answers to urban planners and for the evaluation of management measures (Grêt-Regamey et al. 2015 , Gret-Regamey et al. 2017 .
Conclusions
This study has used spatial geocaching data in order to assess the capacity and flow of urban recreational services, whilst also using data generated from questionnaires with geocachers to develop an understanding of the motivations that are likely to influence ecosystem service flows. Geocaching was seen as an opportunity to experience nature, spend time with family and friends and to get physical exercise. Results from the analysis of geocache spatial data indicate that most caches are located in urban land use categories, with the highest cache densities being recorded in green urban areas and semi-natural ecosystems. Ecosystem service flow was positively associated with accessibility of the geocache, areas of high landscape value and proximity to the coastal environment. These results are discussed in further detail as they provide evidence of the importance of developing spatial indicators that rely on an improved understanding of the quantitative and qualitative relationships between ecosystems and ecosystem service capacity and flow, leading to human well-being. Finally, these results provide evidence of relevance for landscape and urban planning which promotes the availability of green infrastructure in urban areas for their important contribution of these to human well-being.
